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前后，海兔各神经节中 MP 的残留量及变化趋势。结果发现，MP 在海兔胸膜足
神经节，脑神经节，神经连索中均有残留，在 MP 暴露的第 7 天，残留量达到
高，而在第 14 天则降至较低水平并趋于稳定。胸膜足神经节中的 MP 残留量要
低于其他神经节，推测该神经节可能有不同防御 MP 侵袭的机制。因而，以海兔
胸膜足神经节作为研究素材，选择 7 天和 14 天为两个观察点；采用膜蛋白质组
学技术筛选与鉴定在不同浓度 MP 胁迫下，海兔胸膜足神经节表达的差异蛋白，
并从中筛选出一些有意义的蛋白指示物，并适合于监控 MP 产生的污染程度和揭





迫下，海兔胸膜足神经节各暴露组中 SOD 与 CAT 活性的变化趋势与 MP 暴露时
间、暴露浓度及不同器官组织有关，其酶活性变化波动较大。MP 抑制 AChE 活
性率与外加的 MP 浓度呈正相关。在相同的 MP 浓度下，胁迫时间为 7 天时，海
兔胸膜足神经节 AChE 活性抑制率高于 14 天。海兔神经节内 SOD、CAT 和 AChE
酶活性均适合用于监控 MP 产生的污染程度和危害性，但选用 AChE 和 SOD 作



































本文还选用 Western blotting 验证差异蛋白 β-tubulin 表达量下调趋势以及膜























Methyl parathion (O,O-dimethyl O-4-nitro-phenylphosphorothio-ate,MP) has been 
one of the most widely applied OPs in agriculture due to its high activity and wide 
applicability against a broad spectrum of insect pests. One of the significant and 
exigent projects in environmental science in China is to monitor the contamination 
level of organophosphate pesticides (OPs) and its crisis in flowing water continuously 
The common methods, which are used to monitor the organophosphorus pesticide 
pollution degree, are chemicalmethod, biologicalmethod and physicalmethod. The 
enzyme activity of tissue and residual quantity are the most common analysis 
methods，moreover，Proteomic has been development as a new technology for the 
identification of useful biomarkers indicative of pesticide toxicity. 
MP residual amounts in aplysia ganglia was estimated by Gas Chromatography. 
After analysing MP residual deposition of three aplysia ganglia, pleural-pedal 
ganglia，cerebral ganglion，connective, we found that MP was obviously enriched in 
these ganglia，the levels of MP residual reached highest on the seventh day and drop 
to the lowest on the fourteenth day. Moreover, the relatively low concentration of 
methyl parathion in the pleural-pedal ganglia indicates that the ganglia is different 
from others. Therefore, the pleural-pedal ganglia under 7 and 14 days MP exposing 
was chosen for the research material, and the membrane proteomics technology was 
used to screen and identify the suitable and potential protein indicators for detecting 
the pollution degree and hazardness under MP stress. 
   Different pesticides, including organophosphates (OPs), have been reported to 
induce oxidative stress due to generation of free radicals and alteration in antioxidant 
defence mechanisms. In this study, different treatment ganglia of aplysia was assessed 
for changes in neuro antioxidant enzymes, superoxide dismutase (SOD) and catalase 
(CAT) . Acetylcholinesterase (AChE) was used as a reference biomarker. The detail 
variation tendency of SOD and CAT activities was different dependent of  MP 
dosing time、concentration and ganglia. The trend of AChE activity and the treatment 















under 14 days MP dosing was lower than 7 days. These results indicated that the 
activities of SOD, CAT and AChE were all suitable as protein indicators for 
monitoring organophosphorus pesticide pollution degree and hazardness, but the 
activity of AChE and SOD was more effective, accurate and appropriate than that of 
SOD.  
  Due to the importance of membrane proteins in the various cellular processes, as 
well as the roles they play in diseases and their potential as drug targets, it is 
imperative that this class of proteins be better studied. In our research, membrane 
proteomics technology was used to analysis the differential proteins expressed in the 
left and right aplysia pleural-pedal ganglia induced by MP under different exposing 
concentration and time. In 7 days treatment group ,19 and 20 differential protein spots 
were identified by peptide mass fingerprint (PMF) from aplysia left and right 
pleural-pedal ganglia respectively, and in 14 days treatment group, both of 
pleural-pedal ganglia get 14 differential protein spots. 30 of which obtained were 
identified as membrane protein. The identified proteins had roughly been classified 
into 6 groups according to their functions: metabolism process, cell redox homeostasis, 
signal transduction, immunological, intracellar transport and catalyze. Proteins related 
metabolism process accounted for 52% of total, and signal transduction proteins 
accounted for 24%.  
   After analysis the function of these protein, proteins involved in metabolism 
process including: fructose-biphosphate aldolase,succinate dehydrogenase,  isocitrate 
dehydrogenase, membrane dipeptidase, arginine kinase and so on. Guanine nucleotide 
binding proteins, G protein coupled receptors , 14-3-3 protein, calmodulin and 
Annexins are related to singal transduction. Voltage-dependent anion channel, ATPase 
and apolipoprotein are invovled in transportation function of membrane. Otherwise, 
T-cell receptor, interleukin receptor, prohibitin are invovled in immune regulation . 
   Western blotting was then used to verify the down-regulated expression of β
-tubulin induced by MP, it also been used to check out the purity of membrane faction. 
Moreover RT-PCR was used to verify the expression changes of some identified 















screened and identified differential proteins. The biomarkers from the different 
ganglions of aplysia under MP stress were quite valuable, and able to more 
comprehensive and systematic reflect the poison and the toxicological made by 
pollutants to the organism. The strategy for biomarkers determination mentioned by 
different-display proteomics technology is a suitable to continuously monitor the 
pollution of flow water, it also suitable for the Parathion-methyl toxicological 
research.  















































来自我国农业部门的资料显示,我国农作物播种面积 2 亿 hm2,化学防治面





毒杀虫剂又占 Ops 的 70%，这被称为农药品种结构不合理的“3 个 70%”[3]。由
于农药品种结构不合理，使用方法不当，以及对农药残留监管不力，过多过滥使
用农药，导致大量 OPs 进入河流、湖泊、海洋等各种水体，对人、动物和环境
















终汇入海洋，造成地表水的 OPs 污染[5]。Macdonald RW(2000) 等[6]报道了在北
极附近测得有机氯农药、多氯联苯以及有机磷农药,特别是有机磷农药的检出,
打破了有机磷传统被认为易降解的新生代农药的概念。大多数水生生物对 OPs
十分敏感，某些种类的 OPs 降解过程中还能产生毒性更大的产物[7]。 近二十年，
近岸海域的 OPs 污染造成鱼、虾、贝大批死亡的事故频发，近岸养殖品种数量
锐减甚至灭绝，威胁到海水养殖业的可持续发展。 







哥加利福尼亚海湾 Ensenada del Pabellon 和 Bahia de Santa Maria 海岸沉积物中检
测出的有机磷农药对硫磷、乙拌磷，在海水中检测到甲拌磷等，并指出有机磷农
药污染可能是使该地区的生态系统达到了危险的原因。此外，Zhou[12]等 1995 年
在 Humber 河口地区测得马拉硫磷含量为 1～9 ng/L；Reyes[13]等 1997 年在
California 湾监测到甲基磷的含量为 1.13～11.05 ng/L；Sujatha[14]等 1998 年在
Indian 河口测得拉硫磷的含量为 1373～13013 ng/L，其风险已经超过人们所能接
受的范围边界。 
我国对海水中有机磷农药残留的相关报道较少。张祖麟等[15] 1998 年用
SPE-GC-FPD 测定了九龙江口水体中 17 种有机磷农药的浓度，发现总有机农药




年珠江口总有机磷农药的浓度 4～635 ng/L，平均 88.31 ng/L，南海为 1.27～122 
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大量蓄积,兴奋 Ach 的毒蕈碱受体(M 受体)和烟碱能受体(N 受体),产生毒蕈
样和烟碱样作用及中枢神经系统症状。有机磷农药和乙酰胆碱竞争性结合于
AChE 的同一位点，但前者和酶之间的结合键要比 AChE 更难被破坏，且磷酸化







OPs 除了抑制 AChE 活性外，还具有非胆碱能毒性作用。如通过抑制神经
病靶酯酶(NTE),引发迟发性神经病(Organophosphate-induced delayed neur 
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